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CHAPTER I - INTRODUCTION 
 
Forest management planning relies on information on present and predicted future conditions of the 
forest. Details such as forest type, volume or stocking may be obtained from forest inventories taken 
at one instant time, while forecasts of the future condition of existing stands can be predicted using 
growth and yield models. Decision makers often rely on information generated by these models and 
supplemented by economic and other analyses. Unreliable predictions may lead to sub-optimal deci-
sions, so each type of plantation should be evaluated on site factors before taking any decision. 
This study estimates mainly commercial productivity of teak plantations of Sri Lanka based on differ-
ent sites. There are five chapters in this paper. The first chapter provides information on forestry sector 
of Sri Lanka, mainly focus on fundamental issues of government teak plantations. Chapter two dis-
cusses the procedure followed at each teak plantation site to carry out field measurements. The third 
chapter analyses those collected field data. Discussion part comes under section four. The concluding 
section presents a summary of the findings and recommendations on changes that should be made.     
1.1. BACKGROUND ON SRI LANKAN FORESTRY 
1.1.1. SRI LANKA 
Sri Lanka is an island in the Indian Ocean located at the tip of the Indian subcontinent. The country 
has a total land area of 65,610 km2 including 2,905 km2 of inland water bodies. Sri Lanka is located 
between 5 55–9 50 North latitudes and 79 42–81 530 East longitudes and hence has an equatorial 
climate. Extensive faulting and erosion over time have produced a wide range of topographical fea-
tures with three distinct elevation zones within the island: The Central Highlands, the plains, and the 
coastal belt. The Central Highlands is the hydrological heart of the country as almost all the great 
perennial rivers originate here, spreading radially from the highlands to the coast. Most of the island’s 
surface consists of plains between 30 and 200 m above sea level. In the southwest, ridges and valleys 
rise gradually to merge with the Central High- lands, giving a dissected appearance to the plain. A 
coastal belt about 30 m above sea level consists of scenic sandy beaches indented by bays and lagoons. 
1.1.2. FORESTRY SECTOR OF SRI LANKA 
In 1956, at the time of the first forest inventory, 44 percent of Sri Lanka was sheltered by forests. In 
1992, the closed canopy forest cover had declined to about 24 percent. The total forest cover today, 
including sparse forests, is around 30.7 percent (Edirisinghe et al., 2012). Deforestation has been 
caused mainly by exchange to other land uses and shifting cultivation. The remaining forest cover of 
about two million ha consists mostly of dry monsoon, sparse and fragments of tropical rainforests.  
Forest plantation establishment commenced in the 1870s. Over the past 100 years, the Forest Depart-
ment has established nearly 93, 000 ha of forest plantations mainly with teak, eucalyptus, pine, and 
mahogany. The initial plantation establishment activities (from 1890 to 1950) focused on replacing 
the natural forest areas that had been lost owing to shifting cultivation. Most teak and mahogany plan-
tations were established during this period under the Cooperative Reforestation System. The estab-
lishing of pines and eucalypts in the wet zone and up-country was commenced in 1939 in line with 
the policy of planting patana grasslands (Ariyadasa, 2002). 
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This trend was continued until the policy change in 1953. The new policy emphasized the production 
of fuelwood and timber as the primary role of forest plantations to alleviate the burden on natural 
forests. As a result, wide-ranging plantations of teak and eucalyptus in the dry zone and pines in the 
wet zone were established until the 1980s (Ariyadasa, 2002). 
Environmental and social aspects of plantation development were discussed widely, and the im-
portance of the contribution of local people in tree growing was acknowledged during the mid-1980s. 
In the dry zone, a forest plantation has a timber potential of about 40 times that of the presently de-
graded secondary forests of the dry zone. The indigenous species of the dry zone, like Ebony, Satin 
and Palu are extremely slow-growing and takes 10 to 20 years to be established when planted. This 
means that if planted in a pure stand, they will have to be maintained, incurring heavy spending up to 
about the 20th year. It would take from 150-250 years to produce matured large-size timber (FAO, 
2002). 
In comparison, treasured fast-growing exotics like Teak, establish themselves in two to three years. 
Small size wood can be obtained from thinning in 15 to 20 years while huge matured trees could be 
harvested in 40 to 60 years depending on the site of planting. Teak and other exotics being expansive 
species in this natural habitat are therefore silviculturally more suited for raising in pure stands as 
plantations, unlike local indigenous species. Taking all these factors into attention, over 4,000 hectares 
of Teak, and about 400 hectares of Eucalyptus camaldulensis are planted every year under the co- 
operative re-forestation system in the dry zone (Ariyadasa, 2002). 
1.1.3. CURRENT SITUATION OF FOREST PLANTATIONS 
State Timber Corporation is functioning under the Ministry of Mahaweli Development and Environ-
ment. Forest plantation areas are released by the Forest Department under their forestry management 
plans to the State Timber Corporation for felling of trees and extraction of timber. In 2011, Sri Lankan 
government banned felling of trees which are situated in elevation of more than 1500m.  This was 
taken due to minimizing the effect of landslides and soil erosion problems of upcountry area. Most of 
eucalyptus and pine plantations have been established in those areas. Not only this banning on clear 
felling but also there is a decision on pine plantations, not to re- plant as forest plantations. Due to 
those grounds, the demand for teak plantations arises continuously. Figure 1.1 represents the current 
situation of forest plantations.  
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Figure 1. 1.  Current situation of government forest plantations (FORDATA database, Forest Depart-
ment, 2017) 
 Teak is mainly used in the manufacturing of outdoor (garden) furniture, boat decks and other articles 
where weather resistance is desired. It is recognized for its durability and stability under severe cli-
matic conditions. Throughout history, before the introduction of steel ship construction, teak was the 
most popular wood used for making ships because of its unique properties. For the past 150 years’ 
teak has been the timber of choice for marine applications and ship building (Figure 1.2). 
Teak wood products are usually categorized into outdoor (Figure. 1.3) and indoor uses (figure 1.4). 
Both garden and indoor teak furniture are finished in various ways e.g. entirely natural, oiled, sealed 
and varnished. As indoor furniture is less abused than garden furniture, maintenance is less demanding. 
Teak is also used for indoor flooring and as the veneer for indoor furnishings due to its durability and 
mellow color (Figure 1.5). It is used to make doors and teak doors are very strong, not easily broken 
into. Teak is probably the most sought after type of vintage furniture.  Teak logs with smaller diameter 
are converted into elephant poles (Figure 1.6), fence posts or round poles by State Timber Corporation 
of Sri Lanka. Ceylon Electricity Board and Department of Wildlife and Conservation are the main 
bodies that purchase those products annually.  
Teak is easy to work with, and it has natural oil content that make it suitable for use in exposed loca-
tions, where it is durable even when not treated with oil or varnish. The natural oils found in teak also 
protect the wood from decay, insects, and bacteria. At the same time, the combination of the unique 
teak tree content and thick fibers make it easier to cut and then later sculpt into pleasing forms. 
 
 
0
5000
10000
15000
20000
25000
Ex
ten
t (h
a)
Planted species
 7 
  
Figure 1.2. Teak products – boat yachts                     Figure 1.3. Teak products- outdoor furniture 
(http://www.drkarchitects.com)                                  (http://teakpatiofurnitureworld.com) 
 
Figure 1.4. Leaflet of State Timber Corporation     Figure 1.5. Natural mellow color of teak logs  
-Indoor furniture                                                      (State Timber Corporation, 2017) 
 
 
 
 
 
 
 
Figure 1.6. Teak products – elephant poles (diameter < 10.8cm, length = 2.4m) 
(StateTimber Corporation, 2017)      
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1.2. PROBLEMS RELATED TO TEAK INDUSTRY OF SRI LANKA 
 
All the teak plantations belong to Forest Department   are not managed due to the reasons such as 
encroachment, elephant problems, fire hazards, etc. (Subasinghe, 2016). When considering teak (Tec-
tona grandis L.f) plantation distribution, it shows uneven age – class pattern (Figure 1.7). With those 
surroundings, yield prediction is an essential activity in forest management for the production of com-
mercially valuable outputs such as fuelwood and sawn timber. Often, it is necessary to predict the 
future growth scenarios even before the establishment of plantations or at very early stages. The results 
of such estimations will be used for the planning purposes and necessary calculations such as expenses, 
profits, etc. (Subasinghe, 2013).  
 
Figure 1.7. Age – class distribution of government teak plantations  
(FORDATA database of Forest Department, Sri Lanka, 2017) 
Dry zone – mean annual rainfall less than 1750mm, Intermediate zone – 1750-2500mm 
 
 
1.3. RESEARCH GAP  
 
 Most available estimations on growth and yield are derived from preliminary plots. Figures from 
existing plantations covering a series of environmental conditions and management regimes are lim-
ited. Moreover, the vague use of the terms “productivity” and “mean annual increment” (MAI) makes 
associations difficult. Mean Annual Increments (MAI) sometimes refers to the cumulative volume, 
and sometimes to the commercial volume, obtained from thinning and clear felling over the rotation. 
Besides, many estimates do not define whether they are for over or under bark, trees standing in the 
forest or wood transported to the mill. MAI obtained from government plantations range from 2 to 5 
m3 per hectare and are often below the possible yield of the site. The poor production is mainly a result 
of low inputs and poor management, combined with yield-reducing factors such as illegal removal, 
fire, pest infestation and disease outbreaks (Forestry Sector Master Plan of Sri Lanka, 1995) 
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Teak which grows in dry and intermediate zones is the most valuable plantation forest species in Sri 
Lanka due to the high- quality timber (Subasinghe, 2006).  Models have been developed to measure 
stem volume, stem biomass and stem carbon of teak trees (Subasinghe, 2016). There are no published 
articles on product evaluation by considering diameter class. Management of marketable products of 
forest plantations will not be sustainable without diameter class being identifiable readily (Noel and 
Gilbert 2013). This volume is the basis of the commercial activity between buyers and sellers of wood.  
 
It is also useful in forest management and monitoring.  (Akinsanmi, 1995). Sustainability concern is 
very significant in decision making related to timber industry due to its raw material originated from 
the forest. (Putri, 2013).  
 
According to the above problems of the teak industry of Sri Lanka, efforts are needed to have infor-
mation on the different classes of the commercial products on a stand before harvesting. Social and 
ecological factors do effect on plantation productivity. So, it is essential to identify the influence of 
those factors on teak plantation sector of Sri Lanka.    
 
1.4 STUDY OBJECTIVE  
The objective of the study is to determine the commercial products according to industrial dimensions 
of teak timber of Sri Lanka.   The product evaluation method can be used to overcome the uncertainty 
and the dynamism of real systems and to generate alternative solutions, since products mainly depend 
on standing tree stock.  Furthermore, research results can be applied to the whole teak grown regions 
of Sri Lanka to create a rotational plan for teak clear felling at the mature age. 
 
Research questions, 
1. Develop height – diameter curves according with site quality to estimate the tree height of teak 
plantations 
2. Simulate taper curve to assess the commercial use of plantations 
3. Estimation of products according to industrial requirements of Sri Lanka  
4. Prepare a rotational felling plan to optimize the sustainable production by considering site factors 
on productivity.
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CHAPTER II - MATERIALS AND METHODS 
 
At the first half of the chapter, the criteria of study areas will be discussed. Secondly, tree measurement 
methods are considered. Finally, the way of analyzing data is deliberated. 
2.1. THE STUDY AREA 
Sri Lanka has conventionally been categorized into three climatic zones, namely, dry, wet, and inter-
mediate. In differentiating these climatic zones, annual rainfall, the contribution of southwest monsoon 
rains, soil type, land use, and vegetation have been extensively used (Figure 2.3). The Dry Zone re-
ceives a mean annual rainfall of less than 1,750mm with a distinct dry season from May to September, 
while Intermediate Zone receives rainfall between 1,750-2500mm per year with a short and less prom-
inent dry season (Punyawardena, 2007). 
Teak is the most commonly planted species distributed through the dry and intermediate zones of 
Sri Lanka (FSMP,1995).  Figure 2.1. shows the teak distribution of each district of the country.  This 
is not representing total teak plantations of Forest Department of Sri Lanka, due to lack of statistical 
data of Northern part of the country due to civil war (1983-2009). The rotational length of clear felling 
is not decided correctly, even though Forest Department initiate felling activities by the age of 40.   
Figure 2.2. represents the district boundaries of the country (Urban Development Authority, Sri Lanka). 
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Figure 2.1. Teak plantation distribution according to district boundaries of Sri Lanka  
(FORDATA database, Forest Department, 2017) 
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Figure 2.2. District map of Sri Lanka (Urban Development Authority, Sri Lanka) 
 12 
 
Figure 2.3. Main climatic zones of Sri Lanka (Department of Meteorology, Sri Lanka)   
 13 
2.2. THREE STUDY SITES- BASIC INFORMATION 
Study sites are selected based on climatic factors, soil factors, and socio- economic factors. This re-
search has been carried out on the three teak plantation sites where distributed throughout the Dry and 
Intermediate zones (Figure. 2.1.) to represent the main climatic zones which teak are grown as gov-
ernment forest plantations. Civil war and human- elephant conflict are the main socio economic factors 
that effect on management of government teak plantations (Fernando et al., 2008). 
The majority of government plantations are established in Dry Zone. Hence two sites (the site I and 
site II) were selected by giving priority to the majority. Sites were further screened using soil proper-
ties (Table 2.1). 
Table 2. 1. General information on each site (Operation Division, State Timber Corporation, 2017) 
  RBE – Reddish Brown Earth soil 
  IL – Immature Loam Soil 
2.3. DATA COLLECTION 
2.3.1. SECONDARY DATA  
State Timber Corporation of Sri Lanka carry out timber selling with value additions such as furniture, 
timber poles and transmission poles, for that purpose they maintain price lists manuals. Based on price 
manuals, I estimated cut off point of felled tree diameter (Figure 2.4). The market price of 1m3 log 
decreases along with tree length.  Two perpendicular diameters over bark were taken at each top end 
of the tree where the diameter is equal or higher than 10cm.  Cut off point of diameter (10cm) was 
decided using the commercial value of teak products.  
 
Figure 2.4. Cut- off point of diameter for field data collection of felled tree (price list of State Timber 
Corporation, 2017) 
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Punewa (site I) 20.00 1972(44yrs) 3037 101 5-10 RBE 
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2.3.2. FIELD DATA – FOREST PLANTATION SITES 
 
Table 2.2. shows the results of filtering the samples of standing and felled trees. Trees with abnormal 
values for standing height and DBH (mean± 2 standard deviation) were eliminated after considering 
that (a) there was some sort of mistake in the data collecting process or (b) they were clearly non-
representative trees from the sampled population. Consequently, a final total of 164 standing trees and 
158 felled trees were used for the development of simulations after eliminating outliers of 13 and 17 
trees respectively.    
Table 2. 2. Data of felled and standing trees  
Site  
Standing trees  Felled trees 
No of standing 
trees measured 
at field 
Final no of standing 
trees used for H-
DBH curve 
  No of felled trees measured at field 
Final no of felled 
trees used  for taper 
curve 
Site I 66 63  101 90 
Site II 55 51  35 33 
Site III 56 50  39 35 
Total 177 164   175 158 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2.5. Standing and felled tree measurements at the field 
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State Timber Corporation is the government body for the activities of felling trees which are grown 
by Forest Department. They people release mature forest plantations for the purpose of clear felling. 
Data were collected from a total of 164 standing trees and 158 felled trees on the three plantations 
mentioned above (Figure 2.5). DBH and tree height were first measured before felling trees. After 
felling, total tree height was measured again, and diameter outside bark was measured at intervals of 
2m along the length of the stem including branches, beginning at 0.3m. In total, 164 trees were meas-
ured to calculate the tree height curve. 
2.3.3. BRANCHING BEHAVIOR 
 
Identifying the branching points of the tree is essential for the commercial timber industry.  In com-
mercial timber industry, we expect straight lumber length to maximize the commercial timber volume.  
Figure 2.6 shows the graphical explanation on branches of a tree. At the field, we measured all the 
branches which are more than 10cm diameter. Those branches mainly used for the production of tim-
ber poles, such as elephant poles, fence posts, and round poles. Curves are developed using DBH of 
branched tree and height at 1st branching point.  
Figure 2.6. Branching behavior of trees (Mollick et al., 2005)  
 
 
 
 
 
 
 
 
Height at first branching point (m) 
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2.4. DATA ANALYSIS 
2.4.1. RELATIONSHIP OF STANDING TREE HEIGHT AND DIAMETER AT BREAST HEIGHT 
 
The relationship between tree height and DBH is considered to define the tree height curve (H-D). 
The Henricksen equation was applied to simulate the tree height curve (Eqn. 2-1): 
H=a+b⋅log D     (2-1) 
where H is the tree height, D is the DBH, and a and b are model parameters to be estimated. To our 
knowledge, there is no literature reporting on the tree-height curve of Tectona grandis L.f in plantation 
forests of Sri Lanka. Thus, we calculated the curve based on the 164 standing tree samples from all 
three study sites. 
2.4.2. TAPER FUNCTIONS  
Relative taper curve is the mathematical expression of the change in stem diameter as a function of 
stem height, which is calculated by tree conditions (Kozak et al., 1993). (Eqn. 2-2 and Eqn. 2-3): 
 
 
 
 
 
 
 
 
 
 
Figure 2.7. Graphical explanation on Relative height (Hr) and Relative diameter (Dr) of teak trees 
Dr=D × Dr o.9-1           (2- 2) 
where Dr is the relative diameter, D is the diameter at a specified height, and Dr0.9 is the diameter at 
1/10 tree height; and (Eqn. 2-3): 
Hr=1−H  ×  Ht-1     (2-3) 
where Hr is the relative tree height, H is the tree height at a specified point, and Ht is the total tree 
height (Figure 2.7). 
Measured field data (e.g. diameter at different heights) were converted into relative height and relative 
diameter to generate the model. Sato and co-workers (2008) utilized a third-order equation to create a 
Relative height(Hr) =0 
 
Relative height (Hr) =1 
 
(1/10) H 
=Hr0.9 
Teak tree 
height = H	
Dr0.9 
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relative taper curve across an entire range of tree-height data. In this research, third-, fourth-, Fifth-, 
and sixth-order formulae were applied separately for comparing the accuracy for specific tree-height 
intervals (Eqn. 2-4, Eqn. 2-5, Eqn. 2-6, Eqn. 2-7): 
Dr=aHr3− bHr2+ cHr      (2-4) 
 
Dr=eH4r−fHr3+gHr2+iHr      (2-5) 
 
Dr=jHr5−kHr4 +lHr3 −mHr2+nHr      (2-6) 
 
Dr=oHr6−pHr5+qHr4−rHr3+sHr2+tHr    (2-7) 
 
where Dr is the relative diameter, Hr is the relative height, and a to t are model coefficients to be esti-
mated. 
Assuming that wooden tree parts are cylindrical, the length of a trunk can be considered to be equal 
to the height from the ground. Tree mensuration data were converted into two variables of a standing 
tree. The variables DBH, Hi (any height above ground) and Di (upper diameter at Hi) could be used to 
estimate Di by the other two variables. Following Eqn. 2-1 -  2-7, the derivation process was as fol-
lows: 
§ DBH and Eqn. 2.1 were used to determine the total tree height. 
§ Total tree height and Eqn. 2-3 were used to assume the relative tree height at 1.3 m. 
§ The relative tree height at 1.3 m and Eqn. 2- 4, Eqn. 2- 5, Eqn. 2- 6, or Eqn. 2-7 were used to 
deduce the relative diameter at 1.3 m. 
§ DBH and relative diameter at breast height were used to deduce Dr o.9. 
§ Hi, total tree height, and Eqn. Three were used to deduce the relative tree height at that Hi. 
§ Relative tree height at Hi and Eqn. 2-4, Eqn. 2-5, Eqn. 2-6, or Eqn. 2-7 were used to deduce 
the relative diameter at Hi. 
§ Known Hr0.9, relative diameter at Hi, and Eqn. 2- 2 were used to deduce Di. 
 
2.4.3. TREE VOLUME ESTIMATION FOR TEAK TREES 
 
The formulas of taper curves were derived to find total timber volume of each sites.  
 
Taper factor definition 
Depending on whether the rate of narrowing in diameter with respect to increase in height is slow or 
rapid, any solid of the types is relatively tall and slender or short and stout. A high value indicates a 
slow rate of narrowing and a low value indicates a rapid rate of narrowing in all cases. By 'taper' is 
meant the rate of narrowing in diameter in relation to increase in the height of a given 'shape' or 'form.' 
(Gray, 1956) 
 
Total timber volume /tree = taper factor	× basal area at 1/10th tree height× standing tree height (2-8) 
 
y2= (ax+bx2+cx3)2   
  =c2x6+2bcx5+(2ac+b2)x4+2abx3+a2x2 (2-9)  
 
At first, equation (2-9) is used to derive taper factors of each site. 
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At first, equation (2- 4) is used to derive taper factors of each site. Basal area is derived using taper 
curve of each site. This methodology adapted from Sato and co- workers (2008). 
 
2.4.4. COMMERCIAL TIMBER VOLUME ESTIMATION FOR TEAK TREES 
	
Threshold values are setup for standing tree height and DBH to find the commercial parameters.  
Ranges of top end diameter for logs – 31.8cm,25.5cm,19.7cm, and 12.7cm 
Elephant poles – top end diameter =≥10.8cm and pole length=2.4m 
 
ESTIMATING THE SAPWOOD WITH BARK VALUE OF STANDING TREES 
sapwood with bark could not be included as their physical and chemical properties are not suitable for 
construction. Therefore, the values of sapwood and bark were recorded together. For each sample, two 
perpendicular lines intersecting at the center were measured to derive four sapwood with bark values; 
corresponding stem diameter values were also recorded. In all, 52 sets of paired data were measured. 
 
2.4.5.  PREPARATION OF YIELD TABLES AND ROTATIONAL PLAN 
	
Yield tables are created based on the data of field results. Three types of yield tables are resulted 
according with three sites.   
Assumptions for rotational plan 
1. Teak plantation area (ha) 
81% = teak with disturbances 
19% = without disturbances 
(FORDATA, Forest Department, 2017) 
 
2. Annual growth rate 2m3/ha (Pandey and Brown, 2000) 
 
3. Clear felling age ≥40 years 
 
 
4. Teak log demand factor remains constant ≥32,000m3/year  
(Marketing division, State Timber Corporation, 2017) 
 
5. Re- planting activities will be continued by Forest Department after clear felling of teak trees. 
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2.5. SUMMARY OF METHODOLOGY FOLLOWED 
	
	
	
	
	
	
 
 
 
 
Figure 2.8. Flowchart of methodology followed 
 
Figure 2.8 represents the summary of the methodology.  
 
 
 
Standing tree measurements Height- DBH curveHenricksen equation
Felled tree measurements
Relative taper curve
Kozak et al., 1993, 
Yin and Yamamoto 2013
Taper factor 
Total timber volume 
Commercial timber volume 
Yield tables 
Rotational plan for government teak plantations – for clear felling 
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CHAPTER III - RESULTS 
3.1. INFORMATION ON STANDING AND FELLED TREES 
 
Table 3. 1. Data of the trees used for developing curves (mean and standard deviation are shown for 
each variable) 
The site I shows the maximum average DBH, while the site III represents the lowest average values 
for DBH.   
3.2. COMPARISON ON TREE HEIGHT – DBH CURVES 
The range of sample DBH values varied from 21.3 to 44.9cm, and tree height ranged from 10.2 to 
26.2m (Table 3.2). 
Table 3.2. Data of the trees used for developing height- DBH curves of each site 
Site  Ranges 
 N 
 
DBH (cm) 
 
Standing tree height (m) 
Site I 63 21.3- 44.9 10.2-22.8 
Site II 51 21.7- 43.6 11.6-23.0 
Site III 50 19.5- 37.5 13.8-26.2 
  164 21.3 - 44.9   10.2 - 26.2 
Standing tree height- DBH formula was obtained for each three sites. The results are the following:  
 
 
 
where y is the standing tree height (m), and x is the diameter at breast height (cm). Figure 3.1 shows 
the relationship between standing tree height(m) and DBH(cm) of each site.
 
 
 
 
Site 
 DBH (cm)  Height (m) 
No of 
trees 
measured 
  
Mean 
Standard 
deviation 
  
Mean 
Standard 
deviation 
Punewa 
(site I) 
Standing trees 63  32.0 6.1  17.8 2.4 
Felled trees 90  30.6 4.7  17.5 1.1 
Inamaluwa 
(site II) 
Standing trees 51  31.8 5.7  16.2 2.5 
Felled trees 33  29.7 5.3  15.3 2.5 
Monaragala 
(site III) 
Standing trees 50  27.7 5.0  20.4 2.8 
Felled trees 35  27.0 4.4  19.7 2.4 
y = 7.3159ln(x) - 7.4777       Site I (3-1) 
y = 8.511ln(x) - 13.117        Site II (3-2) 
y = 9.6799ln(x) - 11.64         Site III  (3-3) 
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Figure 3.1. Height – DBH curves of each site 
Monaragala (site III) shows the highest standing tree height with respect to DBH (Figure 3.1). 
3.3. COMPARISON ON RELATIVE TAPER CURVES 
The taper curves are obtained from felled tree measurements. Sato and co-workers (2008) developed 
third order taper functions for natural Cypress trees in Kiso of Japan. This method can be used to 
describe the volume to any desired standard of utilization.  Taper curve equations for three sites as 
follows: 
 
 
where y is the relative diameter, x is the relative height of the felled trees.  
 
Figure 3. 2. Relative taper curves of each site 
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Figure 3. 2 shows the relative taper curves in each site.  
3.4. TOTAL TIMBER VOLUME AT EACH SITE 
 
The formulas of taper curves were derived to find total timber volume of each sites. The total timber 
volume is derived using formula which is explained as (2-8) 
 
Total timber volume /tree = taper factor× basal area 1/10th tree height× standing tree height  
 
y = 2.6048x3 - 4.2281x2 + 2.8158x 
Taper factor = 0.391 
 
Site I 
 
(3-8) 
 
y = 2.4643x3 - 4.3249x2 + 3.0406x 
Taper factor = 0.440 
 
Site II 
 
(3-9) 
 
y = 3.4737x3 – 5.7529x2 + 3.4887x  
Taper factor = 0.433 
 
Site III 
 
(3-10) 
 
Figure 3.3. Graphical explanation on average DBH and 1/10th height diameter points of the site I 
 
Figure 3.3 explains average DBH and 1/10th height diameter points of the site I 
 
 Relative Height at average DBH of site I = 1-(1.3/17.52m) 
               = 0.9258 
y = 2.6048x3 - 4.2281x2 + 2.8158x  
x= 0.9258, 
y is the relative diameter (Dr) at average DBH(32.00cm) 
y= 1.0499 
Average diameter at 1/10 tree height = Average DBH/1.0499 
        =30. 48cm  
The Same procedure is followed for the site II and III to find average diameter at 1/10th tree height of 
each site, results as follows: 
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Diameter at 1/10th height of, 
Site II = 30.31cm 
Site III= 25.88cm 
 
Total timber volume per hectare is presented in table 3.3.  Average volume per tree highest in the site 
I, while average volume per hectare is maximum in site II. The average volume per hectare is obtained 
by using the total number of trees of each site. 
Table 3.4. Total timber volume per hectare of each site 
 
  Site I Site II Site III 
       
Extent (ha)  20.0 29.2 13.5 
Total no of trees  3,037 5,830 2,752 
No of trees /ha  152 199 205 
Sampled no of trees  90 33 35 
Average tree height (m)  17.52 15.3 19.7 
Taper factor  0.391 0.440 0.433 
Average basal area at 1/10 tree height (m2)  0.0729 0.0721 0.0526 
Average. volume /tree (m3)  0.4996 0.4856 0.4485 
Average volume /ha (m3)   75.9392 96.6344 91.9425 
 
3.5. BRANCHING BEHAVIOR 
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Figure 3.4. Tree height at first branching point with respect to DBH 
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Branching behavior is varied with the site, Inamaluwa (site II) and Punewa (site I) of dry zone show 
somewhat closed branching pattern with respect site III (Figure 3.4). 
 
 
 
 
 
 
Figure 3.5. Branching behavior of Inamaluwa (site II) – teak plantation  
This method can be used to describe the branching point of the tree.  Branching point equations for 
three sites as follows: 
y = 0.911ln(x) + 3.1337 Site I (3-11) 
y = -0.152ln(x) + 6.5784 Site II (3-12) 
y = -0.59ln(x) + 13.119 Site III  (3-13) 
where y is the tree height at branching point, x is the diameter at breast height (DBH) of the tree. 
3.6.  TEAK PRODUCTS DIMENSIONS AND TREE HEIGHT 
 
Relative taper curves were re - developed for each site without considering branches to express the 
dimeter class as the stemp height. Each site represents inherent characteristics on diameter at various 
tree heights.  The priority was given to logs since it is the raw material for furniture production. After 
that elephant poles, fence posts and round poles were considered respectively. Transmission poles are 
not main product of clear felling.   
 
State Timber Corporation of Sri Lanka uses the price manuals for the product evaluation. The main 
log parameter is diameter of the log. By using this manual, product categories were separated and 
identified for each site.   Poles starts from 10.8cm diameter. In this part, we considered only log pa-
rameters.  31.8cm, 25.5cm, 19.7cm and 12.7cm are the top end diameter classes that considered mainly.  
 
3.6.1. PRODUCTS EVALUATION – SITE I  
 
Taper curve equation of site I without considering branches is as follows: 
 
 
where y is the relative diameter, x is the relative height of the felled trees.  
 
y = 2.2015x3 - 3.4096x2 + 2.4015x  (3- 14) 
 25 
Table 3.6. Commercial log volume according to each diameter class of site I (Punewa) 
 
Punewa (site I) 
End diameter of the log (cm) Total (m3) 
31.8 25.5 19.7 12.7 10.8  
Relative diameter 1.0960 0.8788 0.6789 0.4377 0.3722  
Relative Height 0.960 0.8200 0.5900 0.2700 0.2100  
Average  
height of the tree (m) 
0.70 3.15 7.18 12.70 13.84  
Average timber  
volume/tree (m3) 
0.0794 0.0327 0.0805 0.0609 - 0.2534/tree 
Average timber  
volume/ha (m3) 
(No of trees/ha= 152) 
12.0665 4.9650 12.2384 9.2511 - 38.5200/ha 
 
Figure 3.5. Relative taper curve of site I- without considering branches 
Majority of diameter belongs to ≥12.7cm, while least amount of volume allocates for ≥31.8cm (Figure 
3.5). When considering the height at 31.8cm diameter, it is an uncountable height (0.0794m). At the 
actual market, we cannot expect to sell this size log.  
 
3.6.2.   PRODUCTS EVALUATION – SITE II 
 
Taper curve equation without considering branches is as follows: 
 
 
where y is the relative diameter, x is the relative height of the felled trees.  
Table 3.5. Commercial timber volume according to each diameter class of site II (Inamaluwa) 
 
Inamauwa (site II) 
End diameter of the log (cm) Total (m3) 
31.8 25.5 19.7 12.7 10.8  
Relative diameter 1.1168 0.8956 0.6919 0.4460 0.3793  
Relative Height 0.9600 0.8000 0.5500 0.2900 0.2200  
Average  
height of the tree (m) 
0.61 3.06 6.89 10.80 11.94  
Average timber  
volume/tree (m3) 
0.0274 0.856 0.0860 0.0534 - 0.2525/tree 
Average timber  
volume/ha (m3) 
(No of trees/ha= 199) 
5.4874 17.2041 17.2041 10.6787 - 50.2475/ha 
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Figure 3.7 Relative taper curve of site II- without considering branches 
 
 
3.6.3.  PRODUCTS EVALUATION – SITE III 
 
Taper curve equation without considering branches is as follows: 
 
 
where y is the relative diameter, x is the relative height of the felled trees. 
Table 3.6. Commercial timber volume according to each diameter class of site III (Monaragala) 
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Monaragala (site III) 
End diameter of the log (cm) Total (m3) 
31.8 25.5 19.7 12.7 10.8  
Relative diameter 1.2629 1.0127 0.7824 0.5043 0.4289  
Relative Height - 0.9000 0.6600 0.2500 0.1900  
Average  
height of the tree (m) 
- 1.94 6.61 14.59 15.75  
Average timber  
volume/tree (m3) 
- 0.0664 
 
0.1033 0.1310  0.3006/tree 
Average timber  
volume/ha (m3) 
(No of trees/ha= 204) 
- 13.4796 20.9618 26.5851  61.3224/ha 
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Figure 3.8.  Relative taper curve of site III- without considering branches 
 
3.6.4. AVERAGE HEIGHT AT EACH DIAMETER PARAMETER  
 
All three sites do not have 47.7cm and 38.2cm log class. Site III represents the highest range of tree 
height when considering other two sites.  
 
 
Table 3.7. Average height of the tree at each diameter class 
 
Average  
height 
of the 
tree (m) 
Site End diameter of the log (cm) 
47.7 38.2 31.8 25.5 19.7 12.7 10.8 
Site I - - 0.70 3.15 7.18 12.79 13.84 
Site II - - 0.61 3.06 6.89 10.80 11.94 
Site III - - - 1.94 6.61 14.58 15.75 
 
Table 3.7. shows that the site III has a productive height in terms of logs production a mentioned in 
methodology section. Even though product range of site III is not so wide as other two sites.  
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 3.7.   TOTAL TIMBER VOLUME AND ECONOMIC TIMBER VOLUME 
Table 3.8.  represents only economic log volume as a percentage of total timber volume. Further it is 
essential to classify elephant poles, fence poles and round poles production as well. Finally, remaining 
volume can be considered as firewood production.  
 
Table 3.8. Comparison of total timber volume and commercial timber volume 
 
Properties 
Site Recommenda-
tion of Forest 
Department Site I Site II Site III 
Age of the plantation (years) 44 41  48  40 
No of trees/ha 152  199 204  210 
Tree height (m) 17.52 b 15.3 b 19.7 a - 
Diameter at Breast Height (cm) 32.0 c 31.8 b 27.7 a - 
Tree height at 1st branching point (m) 6.3 b 6.1 b 11.2 a - 
Total timber volume/tree (m3)  0.4996 a 0.4856 a 0.4485 a 0.7142 
Commercial timber volume/tree (m3) 0.2534 b 0.2525 b 0.3006 a 0.3571 
Percentage of commercial log volume/ tree 51% 52% 67% 50% 
Site I and II properties based on site III measured by significance level.  
a,b,c significant at p=0.05  
 
It is evident that site III represents close relation with standards of Forest Department for commercial 
log volume. Site I and II have significant difference for tree height, DBH, branching point, and com-
mercial timber volume.   
3.8. UPPER TREE HEIGHT PREDICTION FOR GIVEN DIAMETER VALUE – 
YIELD TABLES FOR EACH SITE 
The site I represents the effect of two disturbances, so Table 3.9.  shows the top end diameter values 
with two types of disturbances. The site II denotes only one identified disturbance which is human- 
elephant conflict (Table 3.10). Table 3.11 illustrates the top end diameter values of standing trees 
without any disturbance. 
The diameter of a tree’s upper section with bark could be considered as the market dimension of the 
timber trade. The derivation process of equation 2-4 (materials and methods chapter) can be used to 
determine the diameter of a standing tree’s upper section by using single measurement of DBH. Fur-
thermore, calculated data must incorporate the two –sided value of sapwood with bark.  All three 
developed tables based on diameter values with bark. Finally, the availability of standing teak trees to 
fulfill the sawn wood demand can be identified according to with various site factors.    
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Figure 3.9 represents the steps to be followed to refer the developed yield tables 3-9 to 3-11. 
 Top end diameter (cm) 
    10.8 
 12.7 
 19.7 
 25.5 
 31.8 
	
Figure 3.9 Simple graphical expression on practical application of volume tables with commercial log 
diameter dimensions recommended by State Timber Corporation of Sri Lanka 
Step 1- Measure Diameter at Breast Height (DBH) 
Step 2- Refer to volume table 	
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   Table 3.9. Upper diameter prediction for a range of DBH – site I (Punewa)  
	   Log length  (m) at top end diameter 
DBH 
Tree 
height 
(m) 
Tree height at 
first branch-
ing point (m) 
47.7cm 38.2cm 31.8cm  25.5cm 19.7cm 12.7cm 10.8cm 
18 13.67 5.77         0.69 4.48 6.32 
19 14.06 5.82     1.07 5.26 7.05 
20 14.44 5.86     1.36 6.07 7.80 
21 14.80 5.91     1.79 6.78 8.32 
22 15.14 5.95     2.11 7.39 8.97 
23 15.46 5.99    0.54 2.31 8.14 9.50 
24 15.77 6.03    0.84 2.79 9.06 10.03 
25 16.07 6.07    1.30 3.71 9.57 10.57 
26 16.36 6.10    1.75 4.24 9.94 10.96 
27 16.63 6.14    2.24 4.78 10.60 11.35 
28 16.90 6.17   0.30 2.59 5.64 10.98 11.74 
29 17.16 6.20   0.47 2.95 6.53 11.35 12.12 
30 17.41 6.23   0.79 3.17 7.12 11.71 12.51 
31 17.65 6.26   0.97 3.38 7.57 12.08 12.89 
32 17.88 6.29   1.31 3.93 8.03 12.45 13.27 
33 18.10 6.32   1.66 4.33 8.49 12.81 13.48 
34 18.32 6.35  0.17 2.03 4.73 8.95 13.35 13.85 
35 18.53 6.37  0.51 2.40 5.14 9.43 13.71 14.06 
36 18.74 6.40  0.70 2.78 5.39 9.91 13.91 14.43 
37 18.94 6.42  0.88 3.17 5.99 10.75 14.27 14.62 
38 19.13 6.45  1.25 3.39 6.42 11.24 14.45 14.99 
39 19.32 6.47  1.45 3.61 7.23 11.74 14.81 15.17 
40 19.51 6.49  1.83 4.02 7.49 12.06 14.99 15.54 
41 19.69 6.52  2.03 4.44 8.14 12.39 15.35 15.72 
42 19.87 6.54  2.43 4.86 8.97 12.71 15.52 16.08 
43 20.04 6.56 0.19 2.65 5.29 9.45 13.04 15.68 16.25 
44 20.21 6.58 0.38 3.05 5.73 9.74 13.36 16.04 16.61 
45 20.37 6.60 0.58 3.47 6.17 10.22 13.69 16.20 16.78 
46 20.53 6.62 0.97 3.70 6.62 10.71 14.02 16.35 17.13 
47 20.69 6.64 1.18 4.13 7.07 11.20 14.35 16.70 17.29 
48 20.84 6.66 1.39 4.36 7.93 11.50 14.68 16.86 17.45 
49 20.99 6.68 1.60 4.80 8.20 12.00 14.80 17.21 17.81 
50 21.14 6.70 2.02 5.04 8.48 12.31 15.13 17.35 17.96 
51 21.29 6.72 2.03 5.49 8.75 12.62 15.46 17.50 18.11 
52 21.43 6.73 2.46 5.95 9.44 13.13 15.59 17.85 18.26 
53 21.57 6.75 2.69 6.41 9.92 13.44 15.92 17.99 18.61 
54 21.71 6.77 2.92 6.67 10.42 13.96 16.04 18.33 18.75 
55 21.84 6.78 3.15 6.93 10.70 14.27 16.37 18.47 18.89 
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   Table 3.10. Upper diameter prediction for a range of DBH – site II (Inamaluwa) 
	   Log length (m) at top end diameter 
DBH Tree height (m) 
Tree height at 
first branch-
ing point (m) 
 47.7cm 38.2cm 31.8cm  25.5cm  19.7cm 12.7cm 10.8cm 
18 11.48 6.14     0.34 4.71 6.32 
19 11.94 6.13     0.72 5.37 6.93 
20 12.38 6.12     1.24 6.07 7.68 
21 12.80 6.12     1.79 6.78 8.19 
22 13.19 6.11     2.37 7.39 8.71 
23 13.57 6.10    0.14 2.71 8.01 9.23 
24 13.93 6.10    0.56 3.20 8.92 9.75 
25 14.28 6.09    1.00 3.71 9.42 10.42 
26 14.61 6.08    1.46 4.09 9.94 10.81 
27 14.93 6.08    1.79 5.38 10.45 11.20 
28 15.24 6.07    2.29 5.95 10.98 11.59 
29 15.54 6.07   0.16 2.80 6.53 11.35 11.97 
30 15.83 6.06   0.47 3.32 6.97 11.71 12.35 
31 16.11 6.06   0.97 3.87 7.73 12.08 12.73 
32 16.38 6.05   1.31 4.26 8.19 12.29 13.10 
33 16.64 6.05   1.66 4.83 8.65 12.65 13.31 
34 16.90 6.04   2.03 5.41 9.12 12.84 13.69 
35 17.14 6.04   2.57 5.83 9.94 13.20 14.06 
36 17.38 6.03  0.35 2.96 6.43 10.26 13.56 14.25 
37 17.62 6.03  0.70 3.35 7.05 10.57 13.92 14.62 
38 17.84 6.03  1.07 3.75 7.49 10.88 14.27 14.81 
39 18.06 6.02  1.45 4.34 7.95 11.20 14.45 15.17 
40 18.28 6.02  1.83 4.75 8.59 11.52 14.81 15.35 
41 18.49 6.01  2.22 5.18 9.06 12.02 14.98 15.72 
42 18.69 6.01  2.62 5.80 9.53 12.53 15.33 15.89 
43 18.89 6.01  3.02 6.24 9.83 12.85 15.49 16.25 
44 19.09 6.00  3.44 6.49 10.31 13.17 15.85 16.42 
45 19.28 6.00 0.58 3.86 7.13 10.80 13.50 16.00 16.58 
46 19.47 6.00 0.39 4.28 7.59 11.10 13.82 16.35 16.94 
47 19.65 5.99 1.18 4.52 8.06 11.59 14.15 16.51 17.10 
48 19.83 5.99 1.39 4.96 8.53 11.90 14.48 16.86 17.25 
49 20.01 5.99 1.60 5.40 8.80 12.20 14.80 17.01 17.61 
50 20.18 5.98 2.02 5.85 9.28 12.71 14.93 17.35 17.76 
51 20.35 5.98 2.24 6.31 9.77 13.02 15.26 17.50 17.91 
52 20.51 5.98 2.67 6.77 10.26 13.33 15.59 17.64 18.26 
53 20.67 5.97 2.89 7.03 10.54 13.65 15.71 17.78 18.40 
54 20.83 5.97 3.13 7.71 10.83 13.96 15.42 18.13 18.54 
55 20.99 5.97 3.57 7.98 11.33 14.27 16.16 18.26 18.68 
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Table 3.11. Upper diameter prediction for a range of DBH – site III (Monaragala) 
	   Log length (m) at top end diameter 
DBH 
Tree 
height 
(m) 
Tree height at 
first branching 
point (m) 
47.7cm 38.2cm 31.8cm 25.5cm 19.7cm 12.7cm 10.8cm 
18 16.34 11.41         0.33 7.19 10.46 
19 16.86 11.38         0.98 8.60 11.47 
20 17.36 11.35         1.52 9.89 12.15 
21 17.83 11.32         2.08 11.06 13.02 
22 18.28 11.30         2.67 11.88 13.53 
23 18.71 11.27         3.29 12.72 14.22 
24 19.12 11.24       0.38 4.12 14.15 14.92 
25 19.52 11.22       1.17 4.97 14.25 15.42 
26 19.90 11.20       1.59 5.86 14.92 15.92 
27 20.26 11.17       2.03 6.96 15.40 16.41 
28 20.62 11.15       2.68 8.11 15.87 16.90 
29 20.96 11.13       4.19 9.28 16.34 17.39 
30 21.28 11.11     0.64 4.68 10.48 16.81 17.88 
31 21.60 11.09     1.30 5.62 11.71 17.28 18.14 
32 21.91 11.07     1.31 6.13 12.53 17.75 18.62 
33 22.21 11.06     1.78 6.66 13.36 18.21 18.87 
34 22.49 11.04     2.02 7.87 14.21 18.67 19.35 
35 22.78 11.02     2.28 8.43 14.85 18.90 19.59 
36 23.05 11.00   0.46 3.23 8.99 15.49 19.36 20.05 
37 23.31 10.99   0.93 3.73 9.56 15.90 19.82 20.28 
38 23.57 10.97   1.18 4.71 11.08 16.55 20.04 20.51 
39 23.82 10.96   1.67 5.24 11.91 16.97 20.25 20.73 
40 24.07 10.94   1.93 5.78 12.76 17.39 20.70 21.18 
41 24.31 10.93   2.43 6.32 13.37 17.81 20.90 21.39 
42 24.54 10.91   2.94 6.87 13.99 18.23 21.10 21.60 
43 24.77 10.90   3.22 7.93 14.86 18.65 21.55 22.04 
44 24.99 10.89   3.75 9.00 15.49 19.07 21.74 22.49 
45 25.21 10.87 0.50 4.29 10.08 16.13 19.24 21.93 22.69 
46 25.42 10.86 0.76 4.83 10.68 16.78 19.66 22.37 22.88 
47 25.63 10.85 1.03 5.38 11.28 17.17 20.08 22.55 23.07 
48 25.83 10.83 1.29 5.94 11.88 17.31 20.50 22.73 23.25 
49 26.03 10.82 1.56 6.25 12.50 17.70 20.41 22.91 23.43 
50 26.23 10.81 1.84 6.82 13.64 18.10 20.57 23.34 23.61 
51 26.42 10.80 2.11 7.40 14.00 18.76 21.77 23.51 24.04 
52 26.61 10.79 2.39 8.25 14.90 19.42 20.87 23.95 24.21 
53 26.79 10.78 2.68 8.84 15.54 19.56 22.08 24.11 24.38 
54 26.97 10.77 3.24 9.71 16.18 19.96 22.24 24.28 24.82 
55 27.15 10.75 3.80 10.32 16.83 20.36 22.39 24.44 24.98 
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3.9.  ROTATIONAL PLAN-  CLEAR FELLING OF TEAK PLANTATIONS IN SRI 
LANKA 
According to Forest Department regulations on clear felling of matured teak plantations, the rotational 
plan is prepared (Table 3.13) This rotational plan suits with government plantation grown teak of the 
island. We can fulfill the sawn timber demand of ≥32,00m3/year, if demand factor remained constant 
with the time. Here we considered that teak sawn timber demand remained constant with the year. 
This assumption may not 100 percent accurate with all the time. 
Within this limited study period, it difficult to identify all Island data on sites with disturbances. So, 
all dry zone teak plantations were considered as disturbed areas.  According to statistical database of 
Forest Department, 81% extent of teak plantations (19,466.2ha) has been established in Dry zone. 
Table 3.12. represents the distribution of plantation sawn timber volume with respect to age(years).  
 Table 3.12.  All island harvestable log volume by considering site factors 
Age 
(years) 
Area of 
Dry zone 
(ha) 
Dry zone 
log volume 
(m3) 
Area (ha) of 
Intermediate 
zone 
Intermediate 
zone log 
volume (m3) Total log 
volume (m3) 
65 48.0  2,130.34   56.50   3,464.69   5,595.03  
60 331.3  14,703.76   99.90   6,126.07   20,829.82  
55 1453.5  64,509.24   643.70   39,472.97   103,982.21  
50 6020.8  267,215.15   1,628.70   99,875.14   367,090.29  
45 3038.4  134,850.27   473.80   29,054.36   163,904.63  
40 2288.7  101,574.86   322.05   19,748.75   121,323.61  
35 2357.3  104,621.69   283.00   17,354.13   121,975.81  
30 129.4  5,740.81   22.75   1,395.08   7,135.89  
25 340.3  15,103.19   114.30   7,009.10   22,112.30  
20 462.3  20,515.58   264.25   16,204.34   36,719.92  
15 606.2  26,902.15   419.35   25,715.38   52,617.53  
10 1716.9  76,197.24   299.25   18,350.61   94,547.85  
5 673.4  29,884.62   42.25   2,590.85   32,475.47  
Total  19,466.2 863,948.89 4,669.80 286,361.48 1,150,310.36 
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CHAPTER IV - DISCUSSION 
 
The major limitation of this study is a poor representation of same age classes from three sites. This 
is a result of the general lack of plantations within same age for clear felling during the study period. 
Thus, it is possible that the average growth trend might not have adequately defined.  
4.1.    TREE DENSITY OF EACH SITE 
A sample plot is demarcated for the purpose of tree density measurement of each location (Table 4.1).  
Since site I and II both are considered to be with disturbances, tree density is lower than site III.  A 
higher number of trees and lower average DBH represent the competition for nutrients, light, and other 
factors of site III. It is visible that the average first branching point of site III is around 11.2m height 
which can be explained using ecological factors climatic factors such as tree density, rainfall, and soil 
type. The highest tree density can be seen in site III which is 971 trees/ha with lesser number of 
branches.  
Table 4.1. Tree density based on sampled data 
 
Site 
Average space 
(m2)/tree 
Average 
DBH (cm) 
Avg. height at 1st branching 
point (m) 
    
Site I 10 32.0 6.3 
Site II 12 31.8 6.1 
Site III 15 27.7 11.2 
 
4.2. TREE HEIGHT AND SITE FACTORS 
From the above graphs on tree height- DBH (Figure 3.1) it is apparent that; tree height mainly depends 
on site qualities. It is essential to find out favorable site factors on teak growth. It is shown that the 
planting site has a strong effect on the growth, development and wood quality of teak plantations. The 
productivity of a plantation can be largely improved through the selection of a correct site for the 
plantation program. It is noted that the teak distribution pattern in its natural range is of discontinuous 
or patchy type (Troup, 1921; FAO, 1956,1958). Size, quality, density, and the form of teak trees varies 
from one location to another.  
There are several factors which control the distribution and growth pattern of the species. The major 
factors include the amount and distribution of rainfall and moisture, soil, and light. Good growth and 
high quality is associated with deep, flat, and well-drained alluvial soils, rich in calcium; (Srisuksai, 
1991) a mean annual temperature between 22 and 27 degrees centigrade; and an annual precipitation 
from 1,500 to 2,500 millimeters (Kaosa-ard, 1981; Keogh, 1987), with a marked dry season of 3 to 5 
months with a maximum of 50 millimeters of rain (Keogh, 1987). The highest average standing tree 
height of site III can be explained using above site quality parameters. Table 4.2 is a comparison of 
standard site quality parameters among three sites. This is not surprising because of rainfall and dry 
season in this site III comparably much more favorably with average requirements for the growth of 
teak than the conditions in other two sites. Thus, if the site indices actually reflect the productive 
potential for teak in Sri Lanka, then the intermediate zone is considerable.  
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According to Department of Agriculture of Sri Lanka, both dry and intermediate zones are favorable 
for timber growth. Teak plantations mainly spread via those regions. When further examine rainfall 
and moisture content of the soil, it is having somewhat relation with productivity. Teak trees are re-
quired a considerable dry period (3-5 months) to enhance its mellow color. The dry zone has a dry 
period of 6 months (the site I and II), whereas intermediate zone receives exactly 5-month dry period. 
Prolonged dry periods can be affected for the growth retardation of the site I and II. 
 
Table 4.2. Recommended factors and actual site situation which control the distribution and growth 
pattern of teak trees. 
Factor Recommended range  Site I Site II Site III 
Mean annual 
rain fall (mm) 
and moisture 
1,200 – 2,500 mm with a 
marked dry season of 3-5 
months (Kaosa-ard, 1981). 
1000-
1500mm 
 
6-month con-
tinuous dry 
season 
 
1000-
1500mm 
 
6-month con-
tinuous dry 
season 
 
2000-2500mm 
 
 
5-month continu-
ous dry season 
 
ph 6.5-7.5 (Tewari 1992). 
 
6-7 
(Panabokke, 
1959) 
6-7 
Panabokke, 
1959) 
6-7 
(Panabokke, 
1959) 
Soil 
 
Teak grows best on deep, well-
drained alluvial soils derived 
from limestone, schist, gneiss, 
shale and some volcanic rocks, 
such as basalt  
(Department of Agriculture, Sri 
Lanka, figure 4.1) 
Reddish 
brown earth 
soil which is 
derived from 
limestone 
 
Reddish 
brown earth 
soil which is 
derived from 
limestone 
Reddish brown 
earth soil which is 
derived from 
limestone and im-
mature loam soil 
Light intensity 
 
75-90% (Keogh,1987) 
 
- - - 
Temperature 
 
27-36°C warm and humid con-
ditions (Gyi, 1972) 
- - - 
 
Figure 4.1. Soil type and crop suitability of major climatic zones of Sri Lanka  
(Department of Agriculture, Sri Lanka) 
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Figure 4.1. Soil type and crop suitability of major climatic zones of Sri Lanka  
(Department of Agriculture, Sri Lanka) 
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4.3. BRANCHING BEHAVIOR AND MANAGEMENT PRACTICES 
Apart from site and seed problems, the success of teak plantation establishment also relies heavily on silvi-
cultural management. The collective management includes spacing, weeding, fire protection, insect and dis-
ease protection and thinning. Among these options is the space made available to each tree, which strongly 
influences it is the pattern of growth, and therefore the overall yield of the plantation. The initial spacing of 
planting, coupled with the number, timing, and intensity of thinning, mostly determine the space available 
to individual trees as they develop. These are fundamental decisions, with a profound effect on production.  
The site I and II has tackled with external disturbances, so it is hard to think that all the thinning practices 
have happened appropriately.  Table 4.3 shows the management practices which have to be undergone by 
Forest Department of Sri Lanka. If those management practices have been followed, the results would have 
changed in the site I and site II. Site II represent the higher number of branches at the initial stump of the 
tree. 
It is clear from this evaluation that, teak has a potential on good sites in the site III. Considerable improve-
ments in straight tree height can be achieved by adopting appropriate management. 
Table 4.3. Standard management practices of Forest Department for teak plantations  
 
 
 
 
 
4.4. TOTAL TIMBER VOLUME OF EACH SITE  
The sample size was also sufficient to define the volume graphs adequately. There is a need for testing of 
this equation with an independent set of data to establish the presence of and the nature of any prediction 
bias for appropriate correction. It is dangerous to extrapolate for volume measurements outside the range of 
data used to construct the volume tables, and this is not recommended. 
Total volume was calculated by adding all the branches of the tree. Due to a higher number of branches in 
the site I, the highest timber volume per tree has resulted while site III has the lowest timber volume per tree 
(Table 4.4). As well as, the highest total timber volume per hectare results from site II. The combination of 
no of trees per hectare and no of branches could be caused to the highest total volume out of three sites.  
According to Forestry Sector Master plan (1995) of Forest Department of Sri Lanka, the average total timber 
volume/ha has to be 150m3 at the age of 40. Even though any of site could not achieved the Forest Depart-
ment’s recommendation.   
 
 
 
Plantation stand age 
(years) 
Management practice 
6 Pre-commercial thinning  
7-12 Protection 
13 First thinning 
14-19 Protection 
20 Second thinning 
21-24 Protection 
30 Third thinning 
31-39 Protection 
40 Final felling 
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Table 4.4. Total timber volume of each site 
  Site I Site II Site III Forest Department recommendation 
Rotational age (years)  41 51 48 40 
Taper factor  0.391 0.440 0.433 - 
Avg. basal area at relative di-
ameter =0.9 (m2) 
 0.0574 0.0561 0.0434  
Avg. tree height (m)  17.52 15.3 19.7  
Total timber volume/tree (m3)  0.4996 0.4856 0.4485  
No of trees /ha  152 200 204 210 
Total timber volume/ha (m3)  75.9392 96.6344 91.9425 150 
4.5. COMMERCIAL PRODUCTIVITY OF EACH SITE 
The commercial productivity regarding logs production is the highest in the site III. It is 67% (0.3006m3) 
out of total log volume, while site I and II 51% (0.2534m3) and 52% (0.2525m3) respectively (Figure 4.2).  
The highest firewood production and poles receive from the site I. Even though it is not reasonable to say 
productivity is the highest in that site. Since, monetary value of those products is less than commercial value 
of logs.   
 
 
Figure 4. 2. Average commercial timber volume of each site by considering individual tree 
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4.6. EXTERNAL DISTURBANCES AND MANAGEMENT PRACTICES 
By considering social and economic factors of Sri Lanka, we can identify mainly two external disturbances 
on plantation sector, namely civil war and human- elephant conflict. Those external disturbances could be 
considered as poor productivity on the site I and II.  
 
4.6.1. HUMAN- ELEPHANT CONFLICT AND PLANTATION MANAGEMENT 
Elephants are discovered over almost the entire dry zone in an area approximately 60% of the island (Figure 
4.4).   Most of the forest plantations are established in the dry zone of Sri Lanka. Development activities 
have a significant impact on elephant densities and distribution at a fine scale, with permanent settlements 
and cultivations excluding elephants entirely. However, given that their home ranges in Sri Lanka are 50-
250 km (Fernando et al., 2008) elephants in Sri Lanka can still be considered a single contiguous population. 
It does not make sense to give exact elephant numbers for a particular park or administrative area given the 
many shortcomings of counts (Fernando et al., 2008) and as elephant home ranges are not limited to such 
areas but overlap with adjacent areas. Elephants are also not limited to protected areas, and higher densities 
are found outside where food and water are more plentiful. They prefer to live primarily forest suburbs. Due 
to those habitual nature of elephants, forest field workers reluctant to carry out management practices of 
plantation forests. In the last six years on average, 71 people died annually as a consequence of human-
elephant conflict (Figure 4.4). On the other hand, over 200 elephants get killed. (Department of Wildlife and 
Conservation, Sri Lanka, 2010). The noteworthy situation is, most of the teak plantations in dry and inter-
mediate zone overlap with elephant habitats.  
 
  
Figure 4.4. Demographic details of human deaths caused by elephants 2005-2010 (Department of Wildlife 
and Conservation, Sri Lanka, 2010).  
 
The major threat to elephants in Sri Lanka is habitat loss and fragmentation through conversion to settlements 
and permanent cultivation. The influx of people into areas inhabited by elephants results in increased inter-
action and conflict, leading to the death of over 200 elephants annually with a trend of increasing numbers 
(Department of Wildlife and Conservation, Sri Lanka, 2010). Most of these elephant deaths are caused by 
gunshot injuries from farmers defending their crops and trap guns. During and in the aftermath of the war, 
death and injuries of elephants due to landmines were reported in the north and east (Department of Wildlife 
and Conservation, Sri Lanka, 2010). 
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The north-western and north-central areas have the highest levels of human-elephant conflict in Sri Lanka. 
With continued conflict, elephants appear to become more familiar with it, tolerate higher levels of conflict 
and to raid crops even more frequently and aggressively. Accordingly, human-elephant conflict becomes 
locked in an increasing spiral of growth.  
The primary cause of human-elephant conflict is crop raiding by elephants. Elephants raid practically all 
food crops grown (Fernando et al., 2011). In recent years, there has been an increasing trend of elephants 
knocking down coconut palms and teak trees, which cause comparatively high economic losses, hence 
greater negative perception of elephants. It is said that bark of young teak is a tasty food for elephants. Then 
teak density issues are also raised.  
Due to those grounds, it’s hard to find an exact answer to keep teak plantations away from elephants. The 
site II is located within boundaries of an electrical fence post. So, it is unavoidable to keep away elephants 
from the teak plantation. A Higher number of branches can be seen in that site. This can be explained using 
poor management of trees. 
 
        
       
 
 
 
 
 
 
 
 
Figure 4.5. Identified external disturbances 
Civil war occurrences and study site locations  
(Ratwat, 2012)                       
 Figure 4.4. Identified external disturbances 
Human – elephant conflict areas and study    
site locations (Fernando et al., 2011) 
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4.6.2.  CIVIL WAR AND PLANTATION MANAGEMENT 
Much of forest was lost under British colonial rule when large tracts of forest were cleared for rubber, coffee, 
and tea plantations, but Sri Lanka's forests have also suffered dearly under years of civil war which has led 
to large-scale forest clearing. For more than 25 years in the late 20th century and into the 21st, the island 
nation of Sri Lanka tore itself apart in a brutal civil war. At the most basic level, the conflict arose from an 
ethnic tension between Sinhalese and Tamil citizens (Figure 4.5). 
During the 1980s and early 1990s, government soldiers cleared the island's rainforests because they served 
as refuges for rebel forces. At the same time, fighting destroyed homes and displaced small-scale farmers 
who then sought new lands in forested areas (Winslow and Woost, 2004). 
Over the past 15 years (1990-2005), Sri Lanka has had one of the highest deforestation rates of primary 
forests in the world. In that period, the country lost more than 35 percent of its old-growth forest cover, while 
total forest cover was diminished by almost 18 percent. Worse, since the close of the 1990s, deforestation 
rates have increased by over 25 per cent. Plantation forests also included to this devastation according to 
sources, still no any proper computerized procedure for forests in the northeast part of Sri Lanka. It has been 
half decade after ending the civil war. Most of the teak plantation frosts were established in civil war affected 
areas before the conflict, especially the site I was a victim of civil war more than 25 years. The site I, planted 
year is mentioned as 1972. Civil was started in 1983. So, it is hard to think that management practices were 
carried out correctly on those grounds.  Illegal feelings and land encroachment have happened among those 
areas. Therefore, expecting maximum productivity is not that much reasonable.    
On the other hand, it is clear that the civil war may not an external disturbance factor for upcoming planta-
tions. We expect peaceful country with proper management practices for the plantation industry.  
4.7. ROTATIONAL CLEAR FELLING OF TEAK AND FUTURE OF GOVERNMENT 
TEAK PLANTATIONS 
 
The developed rotational plan has few limitations. We consider only teak plantations which are 40 years or 
more. If government take a decision to fell more than 35 years old trees, then this rotational plan is not valid.   
Another disadvantage of this rotational plan is we assume that demand remains same during whole rotational 
period. In reality, it is not a reasonable assumption, because teak log demand can be varied with respect to 
other factors such as economic situation of the country, population, and imports of timber.  
According to the developed rotational plan (Table 3.13), availability of mature teak plantations (age 
≥40 years) is likely to be sufficient to fulfill the annual demand of 32,000m3. The demand assumption 
is based on without considering fluctuations of demand factor for teak logs along with time.   The 
rotational plan can be sustained only with the continuation of re-planting activities after clear cutting 
and handling with proper management practices. 
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CHAPTER V - CONCLUSION  
 
 
Teak trees of three sites grown under three different types of sites, the namely site I, site II, and site 
III showed average total timber volume per hectare 75.9392m3, 96.6344m3, and 91.9425m3 respec-
tively. The most important factor which is commercial timber volume (the portion of logs out of total 
timber volume) varied as 51%, 52%, and 67% respectively. Various properties of each site were eval-
uated and compared statistically. The commercial quality parameters of site III were found better 
compared to other two sites. The site I showed slightly lower average percentage values of economic 
log productivity than site II. However, the total timber volume of these three types of teak plantations 
was discovered to be inferior relative to recommendations of Forest Department, Sri Lanka.   
  The above conclusions might help in decisions on estimation of volume of   teak plantations.  Finally, 
this research develops an efficient method for identifying upper tree diameter based on teak plantation 
forests of Sri Lanka. By applying this approach, we can predict future supply trend of teak saw logs. 
The resulted rotational plan is mainly based on the current demand for logs. This rotational plan may 
not valid with fluctuating demands.   Further, it is essential to carry out a study on the fluctuation of 
teak log demand over the time.   
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47
 
16
.95
 
8.9
 
9.0
 
30
.7 
28
.2 
26
.0 
22
.2 
20
.4 
  
  
  
  
89
 
16
65
 
18
.53
 
9.6
 
9.0
 
41
.0 
35
.0 
25
.0 
23
.0 
19
.0 
18
.0 
  
  
  
90
 
68
0 
17
.99
 
11
.9 
10
.0 
37
.5 
32
.5 
28
.0 
26
.6 
23
.0 
19
.0 
17
.0 
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tre
e 
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Di
am
ete
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at 
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en
d p
oin
t 
of
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e 
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g 
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0.3
m 
 
DB
H at 1.3
m 
(cm
) 
 at
 3.
3m
  
 at
 5.
3m
  
 at
 7.
3m
  
 at
 
9.3
m 
 
 at
 
11
.3m
  
at 
13
.3m
  
at 
15
.3m
  
1 
70
 
18
.3 
15
.3 
9.0
 
35
.6 
26
.9 
24
.4 
21
.5 
23
.9 
16
.0 
15
.7 
11
.0 
9.0
 
2 
69
 
19
.3 
15
.3 
11
.5 
37
.0 
30
.5 
27
.3 
24
.6 
22
.7 
21
.0 
17
.8 
15
.7 
11
.5 
3 
68
 
18
.3 
13
.3 
8.5
 
44
.6 
36
.4 
31
.9 
29
.4 
27
.6 
21
.6 
16
.5 
8.5
 
  
4 
71
 
17
.9 
14
.8 
8.4
 
31
.4 
28
.7 
23
.8 
23
.0 
20
.9 
18
.6 
16
.1 
10
.4 
  
5 
52
 
12
.4 
10
.0 
12
.4 
28
.6 
25
.0 
21
.4 
22
.5 
17
.2 
11
.6 
  
  
  
6 
66
 
18
.4 
14
.9 
9.4
 
44
.4 
35
.5 
29
.2 
27
.0 
23
.1 
19
.3 
16
.0 
15
.0 
  
7 
73
 
16
.1 
14
.2 
10
.0 
39
.7 
32
.6 
30
.7 
29
.1 
26
.3 
24
.2 
16
.0 
13
.5 
  
8 
72
 
23
.0 
16
.3 
10
.8 
49
.7 
43
.6 
36
.6 
38
.0 
33
.1 
32
.1 
32
.2 
25
.2 
12
.8 
9 
65
 
18
.1 
13
.3 
11
.2 
35
.0 
30
.5 
26
.4 
22
.0 
20
.1 
16
.2 
14
.2 
11
.2 
  
10
 
74
 
16
.4 
13
.3 
12
.1 
36
.5 
32
.3 
26
.9 
23
.6 
22
.7 
21
.9 
19
.2 
12
.1 
  
11
 
76
 
13
.8 
11
.3 
74
.0 
33
.1 
23
.9 
22
.2 
19
.9 
22
.8 
21
.5 
7.4
 
  
  
12
 
49
 
15
.7 
12
.4 
22
.9 
45
.3 
37
.5 
39
.0 
33
.0 
30
.8 
26
.1 
23
.8 
  
  
13
 
46
 
14
.8 
10
.6 
12
.4 
26
.2 
24
.8 
21
.9 
22
.7 
17
.8 
13
.2 
  
  
  
14
 
47
 
14
.5 
12
.9 
8.8
 
33
.2 
25
.9 
25
.4 
29
.0 
27
.1 
25
.4 
16
.1 
  
  
15
 
48
 
15
.9 
13
.3 
9.9
 
41
.6 
35
.3 
32
.4 
29
.0 
29
.1 
22
.3 
18
.0 
9.9
 
  
16
 
43
 
14
.6 
13
.1 
10
.6 
25
.1 
23
.1 
22
.0 
20
.9 
18
.7 
13
.3 
10
.2 
10
.6 
  
17
 
44
 
11
.0 
10
.4 
6.4
 
22
.5 
19
.5 
16
.4 
14
.5 
11
.2 
9.8
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e 
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ete
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t 
of
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e 
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g 
 at
 
0.3
m 
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H at 1.3
m 
(cm
) 
 at
 3.
3m
  
 at
 5.
3m
  
 at
 7.
3m
  
 at
 
9.3
m 
 
 at
 
11
.3m
  
at 
13
.3m
  
at 
15
.3m
  
18
 
42
 
10
.3 
9.3
 
20
.1 
38
.2 
32
.1 
27
.3 
26
.7 
25
.4 
20
.1 
  
  
  
19
 
41
 
13
.4 
9.0
 
11
.9 
27
.0 
22
.8 
21
.4 
20
.4 
19
.0 
  
  
  
  
20
 
23
 
13
.6 
11
.3 
8.6
 
34
.7 
29
.0 
26
.0 
26
.8 
25
.6 
17
.2 
8.6
 
  
  
21
 
21
 
13
.7 
11
.3 
8.7
 
24
.7 
22
.5 
20
.7 
24
.2 
21
.6 
14
.3 
8.7
 
  
  
22
 
24
 
12
.3 
11
.3 
21
.0 
40
.1 
35
.7 
30
.4 
37
.7 
28
.5 
25
.9 
21
.0 
  
  
23
 
25
 
11
.6 
11
.3 
12
.9 
36
.3 
32
.5 
30
.7 
28
.4 
29
.8 
17
.9 
12
.9 
  
  
24
 
26
 
12
.6 
9.3
 
17
.2 
35
.0 
30
.5 
30
.3 
25
.6 
22
.7 
17
.2 
  
  
  
25
 
13
 
15
.8 
11
.3 
18
.5 
38
.7 
30
.8 
28
.5 
25
.6 
24
.7 
22
.0 
18
.5 
  
  
26
 
82
 
14
.0 
11
.3 
8.9
 
35
.5 
31
.0 
26
.9 
25
.9 
21
.4 
17
.8 
8.9
 
  
  
27
 
80
 
12
.9 
11
.3 
11
.6 
26
.6 
24
.0 
22
.4 
20
.7 
19
.8 
17
.3 
11
.6 
  
  
28
 
57
 
15
.8 
13
.3 
15
.5 
42
.7 
38
.2 
35
.5 
37
.0 
39
.2 
33
.5 
28
.1 
15
.5 
  
29
 
20
 
13
.7 
11
.9 
8.6
 
26
.9 
23
.0 
18
.2 
16
.9 
17
.5 
12
.1 
10
.5 
  
  
30
 
21
 
14
.3 
9.4
 
9.0
 
26
.8 
20
.7 
21
.7 
22
.6 
17
.5 
9.0
 
  
  
  
31
 
18
 
16
.5 
13
.3 
10
.7 
32
.2 
28
.8 
25
.9 
22
.2 
18
.0 
22
.2 
18
.5 
10
.7 
  
32
 
19
 
16
.0 
11
.3 
15
.8 
33
.0 
30
.4 
25
.7 
22
.9 
20
.5 
20
.9 
15
.8 
  
  
33
 
51
 
16
.9 
11
.3 
19
.4 
39
.5 
30
.9 
30
.5 
26
.0 
25
.8 
29
.6 
19
.4 
  
  
34
 
15
 
12
.5 
10
.5 
12
.5 
31
.7 
29
.5 
26
.2 
24
.9 
24
.2 
18
.8 
  
  
  
35
 
40
 
12
.0 
10
.0 
18
.4 
29
.4 
25
.4 
23
.7 
21
.9 
20
.1 
24
.4 
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rci
al 
tre
e 
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ete
r 
at 
the
 
en
d p
oin
t 
of
 th
e 
fel
led
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g 
 at
 
0.3
m 
 
DB
H at 1.3
m 
(cm
) 
 at
 3.
3m
  
 at
 5.
3m
  
 at
 7.
3m
  
 at
 
9.3
m 
 
 at
 
11
.3m
  
at 
13
.3m
  
at 
15
.3m
  
 at
 
17
.3m
  
 at
 
19
.3m
  
1 
18
94
 
19
.4 
17
.3 
8.2
 
24
.3 
23
.2 
21
.0 
20
.4 
17
.7 
16
.2 
15
.5 
12
.4 
10
.8 
8.2
 
  
2 
18
93
 
20
.9 
17
.3 
8.8
 
30
.5 
31
.3 
30
.6 
29
.2 
32
.2 
26
.3 
26
.7 
20
.5 
14
.8 
8.8
 
  
3 
18
89
 
20
.2 
17
.3 
12
.0 
47
.2 
34
.2 
31
.0 
28
.5 
27
.7 
24
.2 
22
.2 
21
.3 
19
.2 
12
.0 
  
4 
18
92
 
27
.7 
12
.7 
13
.9 
32
.3 
27
.7 
22
.2 
20
.4 
18
.7 
20
.6 
16
.4 
  
  
  
  
5 
20
06
 
19
.5 
17
.3 
10
.2 
28
.6 
25
.0 
22
.0 
20
.3 
19
.5 
18
.9 
21
.7 
18
.2 
16
.9 
10
.2 
  
6 
20
09
 
9.8
 
7.3
 
6.6
 
27
.7 
24
.4 
22
.3 
16
.7 
6.6
 
  
  
  
  
  
  
7 
20
01
 
13
.8 
11
.9 
13
.2 
22
.5 
20
.8 
19
.5 
17
.0 
16
.3 
15
.0 
13
.1 
  
  
  
  
8 
20
14
 
19
.3 
15
.3 
9.5
 
30
.4 
29
.8 
23
.6 
20
.7 
19
.0 
20
.4 
14
.9 
13
.2 
9.5
 
  
  
9 
20
12
 
9.9
 
9.3
 
9.5
 
24
.3 
18
.8 
17
.6 
14
.5 
14
.3 
9.5
 
  
  
  
  
  
10
 
18
98
 
20
.5 
17
.3 
8.2
 
29
.4 
26
.5 
21
.2 
19
.5 
18
.0 
17
.0 
14
.7 
13
.7 
13
.7 
8.2
 
  
11
 
18
97
 
19
.2 
17
.3 
9.6
 
35
.2 
30
.7 
28
.9 
25
.8 
23
.7 
23
.5 
23
.6 
21
.4 
17
.3 
9.6
 
  
12
 
18
96
 
20
.5 
17
.3 
13
.7 
39
.3 
24
.5 
22
.7 
29
.0 
25
.1 
25
.1 
26
.8 
25
.1 
19
.6 
13
.7 
  
13
 
20
07
 
17
.5 
15
.3 
10
.1 
22
.7 
22
.3 
20
.5 
17
.9 
16
.9 
15
.8 
15
.4 
14
.6 
10
.1 
  
  
14
 
20
18
 
19
.0 
15
.3 
15
.6 
24
.2 
27
.5 
25
.5 
24
.0 
22
.1 
21
.4 
22
.5 
15
.4 
15
.6 
  
  
15
 
20
15
 
16
.8 
15
.3 
10
.3 
28
.0 
24
.2 
22
.7 
21
.5 
19
.2 
17
.8 
19
.9 
15
.4 
10
.3 
  
  
16
 
19
98
 
18
.9 
16
.3 
22
.9 
46
.1 
37
.4 
30
.9 
28
.9 
26
.5 
26
.1 
24
.0 
23
.7 
17
.8 
  
  
17
 
20
16
 
17
.8 
15
.3 
11
.1 
26
.1 
24
.4 
22
.0 
22
.2 
19
.8 
17
.8 
17
.6 
14
.0 
11
.1 
  
  
18
 
20
96
 
16
.3 
10
.0 
9.5
 
30
.5 
25
.2 
22
.7 
21
.8 
22
.0 
14
.0 
  
  
  
  
  
19
 
20
95
 
18
.3 
15
.3 
14
.8 
32
.8 
29
.5 
24
.6 
23
.8 
22
.7 
19
.5 
19
.1 
18
.4 
14
.8 
  
  
20
 
18
94
 
20
.0 
17
.5 
11
.5 
27
.8 
28
.3 
20
.8 
19
.9 
18
.1 
17
.7 
15
.3 
12
.9 
11
.5 
11
.7 
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tre
e 
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Di
am
ete
r 
at 
the
 
en
d p
oin
t 
of
 th
e 
fel
led
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g 
 at
 
0.3
m 
 
DB
H at 1.3
m 
(cm
) 
 at
 3.
3m
  
 at
 5.
3m
  
 at
 7.
3m
  
 at
 
9.3
m 
 
 at
 
11
.3m
  
at 
13
.3m
  
at 
15
.3m
  
 at
 
17
.3m
  
 at
 
19
.3m
  
21
 
19
99
 
18
.3 
15
.0 
10
.0 
27
.0 
23
.8 
24
.5 
22
.6 
21
.8 
19
.8 
18
.9 
12
.0 
  
  
  
22
 
20
08
 
18
.5 
15
.3 
11
.6 
27
.5 
23
.6 
19
.4 
17
.3 
16
.3 
15
.7 
14
.5 
11
.7 
11
.6 
  
  
23
 
20
17
 
12
.3 
8.8
 
10
.9 
22
.5 
20
.5 
16
.3 
14
.2 
10
.5 
  
  
  
  
  
  
24
 
20
90
 
9.2
 
8.4
 
17
.0 
24
.5 
23
.6 
21
.6 
19
.3 
17
.0 
  
  
  
  
  
  
25
 
18
87
 
22
.0 
19
.3 
9.4
 
37
.4 
29
.8 
26
.2 
25
.6 
24
.7 
24
.7 
22
.0 
24
.2 
20
.4 
11
.6 
  
26
 
19
97
 
19
.9 
16
.3 
13
.2 
38
.1 
33
.4 
30
.4 
28
.0 
25
.7 
23
.6 
25
.8 
24
.8 
21
.4 
  
  
27
 
20
04
 
22
.6 
21
.3 
8.3
 
34
.6 
31
.2 
28
.0 
26
.3 
23
.5 
22
.4 
19
.9 
19
.0 
17
.8 
15
.2 
8.6
 
28
 
20
25
 
19
.9 
17
.0 
7.7
 
32
.0 
25
.5 
22
.3 
20
.7 
20
.0 
18
.5 
15
.1 
13
.2 
10
.7 
  
  
29
 
18
85
 
17
.3 
14
.3 
7.1
 
24
.7 
22
.5 
19
.3 
16
.5 
15
.5 
14
.9 
11
.2 
10
.8 
  
  
  
30
 
20
32
 
21
.9 
19
.3 
6.7
 
34
.8 
27
.0 
26
.7 
22
.7 
22
.0 
22
.2 
18
.6 
17
.7 
16
.0 
15
.9 
  
31
 
18
80
 
19
.8 
10
.9 
10
.9 
31
.0 
28
.3 
23
.5 
21
.1 
19
.9 
22
.0 
20
.0 
20
.6 
18
.3 
13
.8 
  
32
 
20
33
 
21
.5 
18
.8 
6.8
 
27
.0 
23
.7 
19
.8 
19
.0 
17
.8 
16
.4 
15
.7 
14
.2 
13
.4 
10
.3 
  
33
 
18
69
 
23
.1 
19
.3 
12
.7 
39
.0 
34
.6 
28
.3 
27
.4 
26
.5 
24
.0 
22
.7 
20
.0 
19
.0 
18
.5 
  
34
 
20
36
 
19
.1 
16
.6 
10
.8 
23
.5 
20
.4 
18
.0 
18
.0 
15
.2 
14
.0 
11
.6 
11
.7 
10
.7 
  
  
35
 
20
35
 
17
.3 
15
.3 
6.7
 
23
.8 
20
.2 
18
.0 
16
.4 
15
.3 
14
.2 
12
.3 
9.7
 
6.7
 
  
  
36
 
20
31
 
19
.0 
16
.3 
10
.1 
26
.5 
24
.2 
21
.2 
24
.0 
22
.5 
20
.5 
13
.0 
12
.2 
9.8
 
  
  
37
 
20
27
 
19
.9 
16
.3 
12
.6 
26
.8 
24
.0 
19
.7 
17
.7 
17
.7 
16
.8 
14
.9 
12
.4 
13
.7 
  
  
38
 
19
02
 
21
.0 
18
.7 
9.5
 
26
.7 
22
.9 
21
.0 
21
.2 
19
.9 
17
.2 
17
.0 
16
.1 
13
.6 
12
.2 
  
39
 
19
05
 
22
.5 
20
.3 
6.5
 
31
.0 
26
.7 
24
.5 
21
.2 
21
.6 
20
.3 
22
.0 
18
.0 
16
.6 
15
.6 
9.3
 
	
